Abstract. New upper bounds on the smallest size t2(2, q) of a complete arc in the projective plane P G(2, q) are obtained for 853 ≤ q ≤ 2879 and q = 3511, 4096, 4523, 5003, 5347, 5641, 5843, 6011. For q ≤ 2377 and q = 2401, 2417, 2437, the relation t2(2, q) < 4.5 √ q holds. The bounds are obtained by finding of new small complete arcs with the help of computer search using randomized greedy algorithms. Also new sizes of complete arcs are presented.
Introduction
Let P G(2, q) be the projective plane over the Galois field F q . An n-arc is a set of n points no 3 of which are collinear. An n-arc is called complete if it is not contained in an (n + 1)-arc of P G(2, q). Surveys of results on arcs can be found in [9, 10] . In [10] the close relationship between the theory of complete n-arcs, coding theory and mathematical statistics is presented. In particular a complete arc in a plane P G(2, q), points of which are treated as 3-dimensional q-ary columns, defines a parity check matrix of a q-ary linear code with codimension 3, Hamming distance 4 and covering radius 2. Arcs can be interpreted as linear maximum distance separable (MDS) codes and they are related to optimal coverings arrays [8] and to superregular matrices [11] .
One of the main problems in the study of projective planes, which is also of interest in Coding Theory, is the determination of the spectrum of possible sizes of complete arcs. Especially the problem of determining t 2 (2, q), the size of the smallest complete arc in P G(2, q), is interesting.
In Section 2 we give upper bounds on t 2 (2, q) for 853 ≤ q ≤ 2879 and q = 3511, 4096, 4523, 5003, 5347, 5641, 5843, 6011. These bounds are new for almost all q. For q ≤ 2377 and q = 2401, 2417, 2437, the relation t 2 (2, q) < 4. 2 Small complete k-arcs in P G(2, q), 853 ≤ q ≤ 2879
In the plane P G(2, q), we denote t 2 (2, q) the smallest known size of complete arcs. For q ≤ 841, the values of t 2 (2, q) < 4 √ q are collected in [2, Tab. 1].
In Tables 1 and 2 , the values of t 2 (2, q) for 853 ≤ q ≤ 2879 and q = 3511, 4096, 4523, 5003, 5347, 5641, 5843, 6011 are given. We denote A q = 4.5 √ q − t 2 (2, q) , B q a superior approximation of t 2 (2, q)/ √ q. Also,
. For all q in Table 1 and q = 2401, 2417, 2437 in Table 2 , it holds that t 2 (2, q) < 4.5 √ q.
In [7] , complete k-arcs are obtained with k = 4( √ q−1), q = p 2 odd, q ≤ 1681 or q = 2401. For even q = 2 h , 10 ≤ h ≤ 15, the smallest known sizes of complete k -arcs in P G(2, q) are obtained in [3] , see also [2, p. 35] . They are as follows: k = 124, 201, 307, 461, 665, 993, for q = 2 10 , 2 11 , 2 12 , 2 13 , 2 14 , 2 15 , respectively. Also, 6( √ q − 1)-arcs in PG(2, q), q = 4 2h+1 , are constructed in [4] ; for h ≤ 4 it is proved that they are complete. It gives a complete 3066-arc in PG(2, 2 18 ). In Tables 1 and 2 , we use the results of [3, 7] for q = 31 2 , 37 2 , 41 2 , 7 4 , 2 10 , 2 11 . The rest of sizes k for small complete arcs in Tables 1 and 2 is obtained in this work by computer search with the help of the randomized greedy algorithms.
From Tables 1 and 2 , we obtain Theorems 1 and 2. Our methods allow us to obtain small arcs in P G(2, q) for q ≤ 6011, using our present computers. We plan to write on these arcs sizes in a journal paper.
Let c be a constant independent of q. Let t(P q ) be the size of the smallest complete arc in any projective plane P q of order q. In [12] , for sufficiently large 3   Table 1 . The smallest known sizes t 2 = t 2 (2, q) < 4.5 √ q of complete arcs in Table 2 . The smallest known sizes t 2 = t 2 (2, q) < 5 √ q of complete arcs in planes q, it is proved that t(P q ) ≤ √ q log c q, c = 300. The logarithm basis is not noted as the estimate is asymptotic. For definiteness, we use the binary logarithms. We introduce D q (c) and D q (c) as follows:
From Tables 1, 2 
Moreover, let
It holds that
In other words, t 2 (2, q) = 0.73331 √ q log 0.75 2
can be treated as a predicted value of t 2 (2, q). Then ∆ q is the difference between the smallest known size t 2 (2, q) of complete arcs and the predicted value. Finally, P q is this difference in percentage terms of the smallest known size.
By (2), (3), the magnitude of the difference ∆ q is smaller than two. The magnitude of the percentage value P q is smaller than two for q < 1000 and smaller than one for q > 1000. The region of P q is decreasing with growth of q. Also, by (1), the region of D q (0.75) is decreasing with growth of q.
The graphs of values of D q (0.75), ∆ q , and P q are shown on Figures 1-3 . Examples for great q are given in Table 3 . Table 3 . The smallest known sizes t 2 = t 2 (2, q) < 5 √ q of complete arcs in The examples confirm Observation 1. So, along with B q , the values D q (c), in particular with c = 0.75, can be useful for estimates of complete arcs sizes.
Note that a complete 302-arc of Table 3 improves the result of [3] for q = 2 12 .
From Tables 1-3 and [2, Tab. 1], we obtain Theorem 3. Taking into account (1) and Table 3 , we assume that the following upper bound on the smallest size t 2 (2, q) of complete arc in the plane P G(2, q) holds. Let m 2 (2, q) be the greatest size of complete arcs in P G(2, q). For odd q, m 2 (2, q) = q + 1. For even q, m 2 (2, q) = q + 2. For q = p 2 there is the complete (q − √ q + 1)-arc [10] . For q odd there is a complete 1 2 (q + 5)-arc [13] . For q ≡ 2 (mod 3) odd, 11 ≤ q ≤ 3701 [2] , and for q ≡ 1 (mod 4), q ≤ 337 [6] , there is a complete have obtained the value t 2 (2, 343) = 66 that improves the result of [2] . Conjecture 2. Let 353 ≤ q ≤ 2879 be an odd prime. Then in P G(2, q) there are complete k-arcs of all the sizes in the region t 2 (2, q) ≤ k ≤ M q . Moreover, complete k-arcs with t 2 (2, q) ≤ k ≤ 1 2 (q + 5) can be obtained by the randomized greedy algorithms of [1, 5] with a new approach to creation of starting data.
Our methods are applicable using our present computers for q ≤ 5171. For reason of space we plan to write more complete results and to describe this new approach to creation of starting conditions and data in a journal paper.
